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(57)Abstract: 

PROBLEM TO BE SOLVED: To cleave a GaN semiconductor layer 
hetero-epitaxialiy grown on a sapphire substrate. 

SOLUTION: A GaN semiconductor layer 20 is hetero-epitaxialiy grown on the 
surface of a sapphire substrate 10 and thereafter, an adhesive tape 30 is adhered 
on the side of the layer 20. After grooves 10x parallel to the cleavage surface of 
the layer 20 are formed in the substrate 10 by dicing or the like, the layer 20 is 
pressed by a roller 38, or the like in a state that the substrate 10 is placed on a 
rubber pad 36 to cleave the layer 20 along the grooves 10x. As a pressing means, 
a spherical metal mold or the like may be used. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



Claim 1]A process of being a cleavage method for carrying out cleavage of the hexagonal gallium nitr.de system 
semiconductor layer which carried out heteroepitaxial growth, and forming a slot in parallel wrth , a cleavage plane of sa d 
semiconductor layer on silicon on sapphire at said silicon on sapphire, A cleavage method .nclud.ng a process of carrying 
out cleavage of said semiconductor layer along said slot by applying external force to sa.d semiconductor layer. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2,**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 

[Fida of the Invention]^ this invention, cleavage of the semiconductor layer is carried out along with the posterior canal 
which formed the slot parallel to especially the cleavage plane of a semiconductor layer at silicon on sapphire about the 
cleavage method for carrying out cleavage of the hexagonal GaN (gallium nitride) system semiconductor layer which 
carried out heteroepitaxial growth on silicon on sapphire. 

Therefore, the chip which has a parallel and smooth reflector is obtained simply. 

[0002] - I 

[Description of the Prior Art]Conventionally, what is shown in drawing 10 is proposed as a semiconductor laser. 
[0003]After carrying out heteroepitaxial growth of the N type cladding layer 2, the active layer 3, and the P type cladding 
layer 4 one by one and considering it as double hetero structure on the substrate 1, the lower electrode 5 » formed in 
the undersurface of the substrate 1, and the upper electrode 6 is formed in the upper surface of the P type cladding 
layer 4, respectively. And it cuts that the wafer which consists of the substrate 1 and the layers 2-6 should be divided 
into two or more chips. Drawing 10 showed one of two or more chips obtained as a result. 

[0004]If it is in the semiconductor laser of drawing 10 , an electron and a hole are confined in the active layer 3 by 
impressing forward voltage among the electrodes 5 and 6. The portion located under the electrode 6 in the active layer 3 
serves as a luminous layer. The Fabry-Perot resonator (optical resonator) consists of making into a parallel mirror plane 
field S, and S 2 which counter mutually. As a result, light serves as a standing wave, it is shut up in a resonator and the 

return of light of it is attained. . 

[0005]Parallelism and smooth nature are required of an opposed face like S, which constitutes the Fabry-Perot 
resonator, and S 2 generally. The thing using cleavability is known as the chip making method of satisfying such parallelism 
and smooih nature. For example, it is hexagonal, when it constitutes laser using ZnSe with cleavability, it is hexagonal, and 
on a GaAs substrate with cleavage, ZnSe is grown epitaxially, a cleavage plane is arranged, and the method of carrying 
out cleavage of the ZnSe layer with a GaAs substrate is adopted. 

[0006]ln recent years, a semiconductor laser is in the tendency of short wavelength formation, and blue laser etc. are 
called for. As a luminescent material candidate of blue laser, the compound semiconductor of a GaN system attracts 
attention. A GaN system compound semiconductor has a large band gap, and is a transited [ directly ] type, and, 
moreover, this is because a crystal is strong. 

[0007]As a method of obtaining a parallel and smooth opposed face required for the Fabry-Perot resonator at GaN 
conventionally, (1) Cubic GaN which is a metastable phase is grown epitaxially on substrates, such as GaAs which has 
cleavability by a cubic, and two methods, the method of carrying out cleavage of the cubic GaN layer with a substrate 
and the method of taking out a flat surface by (2) dry-etching processing, are proposed. 
[0008] 

[Problem(s) to be Solved by the Invention]According to the above-mentioned method of of (1) and (2), there was a 
problem respectively as shown in the following (A1) and (A2). 
[0009](AD The good crystal is not obtained in cubic GaN. 

[0010](A2) The field by which dry etching was carried out is inferior in parallelism or smooth nature compared with the 
field by which cleavage was carried out. . 
[0011]on the other hand, in hexagonal GaN grown epitaxially on silicon on sapphire, compared with cubic GaN grown up 
on substrates, such as GaAs, it is markedly alike, and the good crystal is obtained. In order to evaluate the completeness 
of a crystal it is good for the half breadth of the rocking curve of X-rays to compare, but according to ,t, the crystaHinity 
of the direction of hexagonal GaN which hexagonal GaN is 27 sec and was grown up on silicon on sapphire to cubic GaN 
being 23min is far good, min and sec are the units of an angle and have 1 degree=60min and a 1mm=60sec relat.on. 
[001 2]Since the completeness of a crystal is an indispensable condition in order to realize laser, a best policy uses 
hexagonal GaN grown up on silicon on sapphire. However, since there is no cleavability in sapphire, the method of carrying 
out cleavage with a substrate like ZnSe or cubic GaN is not employable. 

[0013]As a method of cutting that chip making of the wafer which consists of silicon on sapphire and a flayer grown 
epitaxially on it should be carried out conventionally, Some methods are proposed by JP.H5-166923.A, JP,H5 315b4b,A, 
JP H5-343742 A JP H6-283758.A, etc. However, each of these methods performs chip making using scribing, dicing, 
etching etc on the assumption that a wafer does not have cleavability, and in the cutting plane of a GaN layer 
parallelism and their smooth nature were not good. For this reason, the Fabry-Perot resonator was not able to be 
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realized. 
[0014] 

[Means for Solving the Problem]This invention is made on silicon on sapphire paying attention to a point that a hexagonal 
GaN system semiconductor layer which carried out heteroepitaxial growth has cleavability, even if silicon on sapphire 
does not have cleavability. That is, this invention is characterized by that a cleavage method for carrying out cleavage of 
the hexagonal GaN system semiconductor layer which carried out heteroepitaxial growth on silicon on sapphire comprises 
the following. 

A process of forming a slot in said silicon on sapphire in parallel with a cleavage plane of said semiconductor layer. 
A process of carrying out cleavage of said semiconductor layer along said slot by applying external force to said 
semiconductor layer. 

[001 5]According to the cleavage method of this invention, a semiconductor layer grown up on silicon on sapphire is 
separable into a chip by cleavage. Therefore, a chip becomes what has a parallel and smooth reflector, and can realize 
the Fabry-Perot resonator easily. 
[0016] 

[Embodiment of the Inventionl Drawing 1 shows the silicon on sapphire used for implementation of this invention. 
[0017]The silicon on sapphire 10 is good for the field which should grow GaN to present a field (0001) and to form the 
orientation flat 10F in a field parallel to the cleavage plane of GaN. Specifically, cleavage of the hexagonal GaN is carried 
out in respect of a field (1 1-20) (10-10). Although it is hexagonal also in sapphire, the crystal axis is rotating the GaN 
layer by which heteroepitaxial growth is carried out on silicon on sapphire 30 degrees. For this reason, to carry out 
cleavage of the GaN layer in a field (11-20). The orientation flat 10F of the silicon on sapphire 10 is formed in the field 
(01-10), and it is good to carry out cleavage of the GaN layer in a field (10-10) to form the orientation flat 10F of the 
silicon on sapphire 10 in a field (11-20). 

[0018]On the silicon on sapphire 10 shown in drawing 1 , as shown in drawing 2 , heteroepitaxial growth of the hexagonal 
GaN system compound semiconductor layer 20 is carried out. After growing up the buffer layer 12 which consists of 
GaN(s) at low temperature as an example, the cladding layer 14 which consists of N type GaN, the active layer 16 which 
consists of InGaN(s), and the cladding layer 18 which consists of P type GaN are grown up one by one. The buffer layer 
12 is for making subsequent crystal growth good, and is made into the thickness about 30 [nm]. Thickness of the layers 
14, 16, and 18 can be made into 5 [mum], 20 [nm], and 5 [mum] grades, respectively. As a growing method, the MBE 
(Molecular Beam Epitaxy) method or the MOCVD (Metalorganic Chemical Vapor Depositoin) method can be used. 
[0019]it is good also as a quantum well structure like SQW-SCH (Single Quantum Well-Separate Confinement Structure) 
still more complicated [ although double hetero structure was shown here ] in order to raise the performance of laser 
it is natural. 

[0020]Next, an electrode is formed. The substrate 10 consists of sapphire, and since it is an insulator, as shown in 
drawing 10 . the lower electrode 5 cannot be formed. Then, as shown in drawing 8 and 9, crevice R 1 and R 2 are formed by 
photo lithography and alternative dry etching processing, and the electrode layer 22 connected with the pars basilaris 
ossis occipitalis of crevice R 2 at the N type cladding layer 14 is formed. The electrode layer 22 laminates Ti-aluminum 
alloy by a sputtering technique, for example, and patterns and forms a covering layer. 

[0021]Then, in the P type cladding layer 18, as shown in drawing 8 and 9, the electrode layer 24 is formed in the portion 
pinched by crevice R 1 and R 2 . The electrode layer 24 laminates nickel-Au alloy by a sputtering technique, for example, 

and patterns and forms a covering layer. 

[0022]Next, as shown in drawing 3 , a slot is formed in the substrate 10 by dicing. That is, after sticking the pressure 
sensitive adhesive sheet 30 for the prevention from chip dispersion on the semiconductor 20 side in the wafer containing 
the substrate 10 and the semiconductor layer 20, the pressure sensitive adhesive sheet 30 is laid on the dicer stage 32. 
And dicing of the substrate 10 is carried out with the dicer edge 34 which rotates focusing on the axis Q. Dicing is 
performed by the 2-way of the direction of X, and the direction of Y, as shown in drawing 5. 

[0023]The direction of X is a direction (direction parallel to the cleavage plane of the semiconductor layer 20) parallel to 
the orientation flat 10F, and since the reflector of the Fabry-Perot resonator is constituted, parallelism and smooth 
nature are required. Then, dicing is carried out by the thickness of the silicon on sapphire 10. It is better for the dicer 
edge 34 to be sharp at this time, as a section is shown in drawing 4 . Next cleavage will become easy if it does in this way. 
In drawing 5 , 10x shows the slot formed by dicing of the direction of X. 

[0024]The direction of Y is a direction right-angled to the orientation flat 10F, and parallelism and smooth nature are not 
required of a cutting plane. Therefore, in dicing of the direction of Y, dicing not only of the substrate 10 but the 
semiconductor layer 20 is carried out together. In drawing 5 , 10y shows the slot formed by dicing of the direction of Y. 
[0025]As for dicing of the direction of X, when dicing of the direction of Y cuts the substrate 10 and the semiconductor 
layer 20 together, it is preferred to carry out before dicing of the direction of Y. Before performing dicing of the direction 
of Y, it is because the wafer containing the substrate 10 and the semiconductor layer 20 is not divided but dicing of the 
direction of X can be performed with sufficient accuracy. 

[0026]Next, cleavage is performed as shown in drawing 6 . That is, on the rubber slab 36, the pressure sensitive adhesive 
sheet 30 is turned up, and the substrate 10 is laid. And the roller 38 is moved in the direction of arrow L, pressurizing the 
semiconductor layer 20 via the pressure sensitive adhesive sheet 30 with the roller 38. Then, the semiconductor layer 20 
receives stress in the direction which serves as a convex caudad, and carries out cleavage along the slot 10x. 
r0027l Drawing 7 shows other cleavage methods. In this case, the pressure sensitive adhesive sheet 30 clamps the 
periphery, as the substrate 10 turns up. And the ball-shaped metallic mold 40 of a big curvature radius is pressed from 
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the pressure sensitive adhesive sheet 30 side. As a result the semiconductor layer 20 receives stress in the direction 
which serves as a convex in the upper part, and carries out cleavage along the slot 10x. Since the compression stress 
applied to the semiconductor layer 20 compared with the method of drawing 6 is small, the method of drawing 7 has an 
advantage with few chip chips. 

[0028]Also when which method of drawing 6 or drawing 7 is used, after cleavage separates each chip from the adhesive 
tape 30. 

r0029l Drawing 8 and 9 show one of the laser tips of a large number separated from the wafer by a series of 
above-mentioned processes. 10A, 12A, 14A, 16A, and 18A show one copy each of the substrate 10, the buffer layer 12, 
the N type cladding layer 14, the active layer 16, and the P type cladding layer 18, respectively. Opposed face S n and 
S 12 constitute the Fabry-Perot resonator. 

[0030]Since the reflector where parallelism and smooth nature are good is acquired by cleavage as opposed face S n and 
S 12 according to this invention, it becomes good [ the crystallinity of the semiconductor layer 20 ] conjointly realizable [ a 
highly efficient semiconductor laser ]. 

[0031]This invention is not limited to the above-mentioned embodiment, and is feasible with various change gestalten. For 

example, change like following (1) - (3) is possible. 

[0032](D aluminum or In may be included as a hexagonal GaN layer. 

[0033](2) In order to form a slot in silicon on sapphire, scribing or etching may be used after dicing instead of dicing. 

[0034](3) Before forming a slot in silicon on sapphire, silicon on sapphire may be made thin by polish etc. 

[0035] 

[Effect of the Invention]As mentioned above, since according to this invention cleavage of the hexagonal GaN system 
semiconductor layer is carried out and it was made to carry out chip making, the effect that the highly efficient 
semiconductor laser which has a parallel and smooth reflector is easily realizable is acquired. 



[Translation done.] 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing H it is a plan showing the silicon on sapphire used for implementation of this invention. 

[Drawing 2l lt is a sectional view in which it is shown like epitaxial growth Takumi of GaN to the substrate top of drawing 
1. 

[Drawing 3] It is a sectional view showing the dicing process following the process of drawing 2 . 

[Drawing 4l lt is a sectional view of the dicer edge which meets the A-A' line of drawing 3 . 

[Drawing 5] It is a back view showing the silicon on sapphire by which dicing was carried out. 

[Drawing 6] It is a sectional view showing the cleavage process of following the process of drawing 3 . 

[Drawing 7l lt is a sectional view showing other cleavage processes of being used instead of the process of drawing 6 . 

[Drawing 8] It is a plan showing the laser tip separated from the wafer by the cleavage method of this invention. 

[Drawing 9] It is a sectional view which meets the B-B' line of drawing 8 . 

[Drawing 10] It is a perspective view showing an example of the conventional semiconductor laser. 
[Description of Notations] 

Silicon on sapphire, the buffer layer which consists of 12:GaN, 14:10: The cladding layer which consists of N type GaN, 
16: The active layer, 18 which consist of InGaN(s) :P The cladding layer which consists of the mold GaN, 
20:semiconductor layer, 30:adhesive tape, 32:dicer stage, 34:dicer edge, 36:rubber slab, 38:roller, 40: Ball-shaped metallic 
mold. 



[Translation done.] 



http://ww4.ipdl.inpit.go jp/cg^ 



